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Previewsthe furrow tightly juxtaposed, likely facili-
tating adherens junctions establishment
and dictating the initial geometry of this
new interface, which is then stably main-
tained by a midbody driven Rac- and
Arp2/3-dependent mechanism that also
promotes adherens junction formation
(Herszterg et al., 2013).
In sum, Guillot, Founounou, Herszterg,
and colleagues have elegantly described
how cell-cell adhesions are remodeled
during cytokinesis (Founounou et al.,
2013; Guillot and Lecuit, 2013; Herszterg
et al., 2013). During contractile ring
closure, the junctional network works
against furrowing. Concomitantly, inter-
cellular connectivity actively aids as-
sembly of the new adhesions between
daughter cells. It will be interesting to see
whether these adhesion dynamics result
in transient loss of tissue integrity such338 Developmental Cell 24, February 25, 201as transepithelial resistance and whether
epithelia handle and respond to these
perturbations in a tissue-specific manner.
The concept that cytokinesis is me-
chanically challenging in epithelia has
interesting implications for cancer. Many
cancers arise from epithelia, and some
may come about as a result of cytokinesis
failure, since further divisions of the result-
ing tetraploid cells can cause aneuploidy
(Lacroix and Maddox, 2012). The con-
tinued characterization of the molecular
and physical requirements for cytokinesis
in tissue contexts is essential for under-
standing both normal and pathological
cell division in animals.REFERENCES
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In a recent issue of Neuron, Chen et al. (2013) show that apoptosis is required to ensure the even distribution
of a class of retinal ganglion cells (ipRGCs), which sense luminance both intrinsically and through input from
rods and cones. Disrupting apoptosis impairs photoentrainment mediated by rods/cones, but not that medi-
ated by ipRGC-expressed melanopsin.The retina is a complex neural network of
more than 60 cell types. Neurons of each
type are usually regularly spaced across
the plane of the retina. The cell bodies of
different neuronal types occupy distinct
and well-defined retinal layers and
synapse within two distinct plexiform
layers (Figure 1) (Masland, 2012). The
even distribution of each retinal cell type
is independent of other cell types, even
when they are synaptic partners. The
dendrites of each cell type overlap or tile
to achieve an even mosaic that ensures
efficient coverage of the retinal surface.
This represents one of the fundamental
principles of functional organization in
the retina: regular arrays of different
neurons are responsible for processingand conveying distinct light information,
such as intensity, contrast, color, and
motion, to the brain.
Like most neuronal populations, more
than half of retinal ganglion cells (RGCs)
undergo programmed cell death. While
apoptosis contributes to the even spatial
distribution of RGCs, the functional impli-
cations of disrupting this even spacing
are not known (Raven et al., 2003). In
a recent issue of Neuron, Chen et al.
(2013) investigated how apoptosis affects
the spatial distribution of a particular class
of RGCs, the intrinsically photosensitive
retinal ganglion cells (ipRGCs), and how
this affects retinal circuitry, light detec-
tion, and circadian photoentrainment of
locomotor activity.In the mouse retina, rods and cones
transform light energy into an electrical
signal and convey this information to
bipolar and horizontal cells at the level of
the outer plexiform layer (Figure 1). In the
inner plexiform layer, bipolar and ama-
crine cells, which integrate and modulate
the output of bipolar cells, synapse with
the RGCs, the only retinal cells project-
ing to the brain (Figure 1). ipRGCs con-
stitute a small percentage of RGCs
(2%); they express melanopsin, making
them capable of autonomously depolariz-
ing to light, even in the absence of rods
and cones (for review, see Schmidt et al.,
2011). Normally, ipRGCs integrate infor-
mation derived from their own intrinsic
melanopsin-based photosensitivity with
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Figure 1. Disrupted ipRGC Patterning Affects Circadian Photoentrainment
(A) ipRGCs respond for photoentrainment at low light intensity to signals coming from rods and cones.
Melanopsin-mediated intrinsic response contributes at high light intensities. In melanopsin mutants,
ipRGCs only depend on the rod/cone pathway.
(B) In the wild-type, even spacing of ipRGCs ensures a uniform coverage across the visual field.
(C) Bax;melanopsin mutants establish more connections with inhibitory amacrine cells.
(D) In ipRGC conditional Bax;melanopsin mutants, not all ipRGCs receive bipolar input.
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Previewsthe input from rods and cones. This
represents the primary conduit of irradi-
ance information to non-image-forming
centers in the brain, such as the olivary
pretactal nucleus (OPN), responsible
for the pupillary light reflex, and the
suprachiasmatic nucleus of the hypothal-
amus (SCN), the master circadian pace-
maker (Berson et al., 2002; Hattar et al.,
2002).
Chen et al. (2013) analyzed mouse
mutants, in which RGCs do not undergo
apoptosis, for the proapoptotic factor
Bax and asked how this affects the
mosaic distribution of ipRGCs. The
authors first show that ipRGCs, which
are initially randomly distributed at early
developmental stages and normally prog-
ress to an evenly spaced distribution in
wild-type mice, become clustered in Bax
mutantmice. They suggest that apoptosis
induced by homotypic proximity regu-
lates ipRGC spacing. But what are the
functional consequences of this disrup-
tion of ipRGC spatial distribution?
Photoentrainment of circadian rhythms
requires the detection of overall changesin ambient light. Either extrinsic rod-
cone signaling or melanopsin-mediated
intrinsic photoreception is sufficient for
ipRGCs to regulate photoentrainment
(Hattar et al., 2003). The rod-cone
pathway controls pupil constriction and
photoentrainment at low light inten-
sities while melanopsin contributes at
high light intensities. Because ipRGCs
are directly involved in irradiance detec-
tion, it has been assumed that an
even distribution of their dendritic
arbors is necessary to maximize photon
capture to elicit photoentrainment, a so-
called ‘‘photoreceptive net’’ (Provencio
et al., 2002). However, by analyzing the
photoentrainment behavior and electro-
physiological response of ipRGCs in
Bax/melanopsin double knockout mice,
Chen et al. (2013) show, surprisingly,
that disruption of ipRGC spacing impairs
only rod-cone mediated photoentrain-
ment and not entrainment mediated by
the intrinsic melanopsin response of
ipRGCs.
Do these morphological changes lead
to physiological deficits in rod/cone inputDevelopmental Cell 24,to ipRGCs? The authors show that the
electrophysiological responses from the
rods/cones to ipRGCs are significantly
reduced, and this is consistent with the
inability of Bax mutants to entrain to light
in the absence of melanopsin. The
authors propose that the reduced electro-
physiological response is due to an
increased inhibitory input from dopami-
nergic amacrine cells that are also
GABAergic. This could counteract the
rod/cone input on ipRGCs. However, the
layering of the retina appears normal in
conditional mutant mice lacking Bax
only in ipRGCs, while these mice still
exhibit a lack of entrainment by rods
and cones. This suggests that ectopic
synapses of ipRGCs with amacrine cells
are not responsible for the observed
entrainment deficits. In these mice, there
is no increase in the number of ipRGCs
but there are still deficits in cell spacing.
Therefore, an alternative explanation
might be that the disruption of the unifor-
mity of retinal coverage by ipRGCs is
responsible for the photoentrainment
defects observed in Bax;melanopsin
mutant mice. Because the number of indi-
vidual synapses from ON bipolar cells to
ipRGCs appears not to be affected, the
disrupted spacing might leave regions
deprived of ipRGC processes while clus-
tered ipRGCs might not receive enough
inputs from a limited number of bipolar
cells, an arrangement that would lead to
smaller responses to light (Figure 1).
However, because Baxmight affect other
retinal cell types (White et al., 1998), it will
be important to determine whether
bipolar cells are normal.
Bax has also been shown to have a non-
apoptotic function in synaptic transmis-
sion. It remains possible that some of
the deficits observed in Bax mutants are
due to Bax-dependent changes in
synaptic activity (Jiao and Li, 2011).
Future studies aimed at better under-
standing how Bax regulates apoptosis
and the refinement of synaptic connec-
tions during retina development are
needed to confirm this possibility.
In conclusion, this work reveals the
fundamental role of apoptosis in the
organization of ipRGCs. It further shows
that although mosaic distribution of
ipRGCs is dispensable for their ability to
respond to light intrinsically, it is essential
to establish the proper connections
to bipolar and/or amacrine cells andFebruary 25, 2013 ª2013 Elsevier Inc. 339
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Previewsthereby engage normal rod/cone-depen-
dent circadian photoentrainment.
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Patterning of embryonic blood vessels occurs in association with nerves. In this issue of Developmental Cell,
Li et al. (2013) report that nerve-derived chemokine Cxcl12 (also known as SDF-1), acting through its receptor
Cxcr4, initiates blood vessel remodeling along cutaneous nerve trajectories to establish the proper pattern of
cutaneous arteries.An anatomical and functional relationship
that has been known for centuries, yet not
well described in a molecular and devel-
opmental context, is the close association
of certain peripheral nerves and blood
vessels. Termed ‘‘neurovascular congru-
ence,’’ the mechanistic basis of this
relationship is notably established for
sympathetic nerves, in which the growing
nerve follows specific guidance cues
produced by the vasculature to ultimately
reach its appropriate targets (Glebova
and Ginty, 2005). In contrast, previous
work by Mukouyama and colleagues
demonstrated that the arterial pattern of
the limb skin is based on the prior growth
of the cutaneous nerves (Mukouyama
et al., 2002, 2005). In this issue of
Developmental Cell, Li et al. (2013)
describe the molecular components that
underlie this latter relationship.
Skin is the largest and the most distant
target organ of systemic circulation. Cuta-
neous arteries are supplied by branches
of major arteries of the body and infiltrate
the glands, hair follicles, and dermis of the
skin. Similarly, venous drainage of the
skin is facilitated by cutaneous perfo-rating veins that collect into major veins
that ultimately return to the heart. The
cutaneous vascular profile generally coin-
cides with cutaneous nerves, which
include sensory nerves that sense touch,
pain, and temperature, and motor nerves
that excite the arrector pili muscles of
the hair follicles. Dorsal root sensory
nerves and spinal motor nerves together
travel long distances along blood vessels
that supply the skin. In the skin, these
cutaneous nerves arborize and innervate
appropriate targets to establish functional
neural circuits (Figure 1).
In development, vascular endothelial
cells assemble into tubes and then couple
into a primitive vascular plexus. This initial
vascular pattern becomes remodeled into
the mature pattern of larger and smaller
arteries and veins by the selective reten-
tion and growth of some segments and
the loss of others. Mukouyama and col-
leagues previously used a neurogenin
mutant mouse that lacks cutaneous
nerves to show that the presence of the
nerve is required for cutaneous vascular
remodeling (Mukouyama et al., 2002).
Subsequent to physical association withcutaneous nerve branches, these vessels
acquire an arterial phenotype. These
in vivo and in vitro studies identified vas-
cular endothelial growth factor (VEGF-A)
as a crucial molecule secreted from the
cutaneous nerves that triggers arterial
differentiation of nerve-associated ves-
sels, although nerve-derived VEGF is
dispensable for the initial recruitment
of blood vessels along the nerve
(Mukouyama et al., 2005). In the absence
of cutaneous innervation, neither blood
vessel patterning nor arterial differen-
tiation occurs. Although these studies
elucidated the fundamental principle of
nerve-vessel alignment in cutaneous arte-
riogenesis, the molecular mechanisms
that establish the initial physical associa-
tion of blood vessels with nerves re-
mained unknown.
In this recent study, Li et al. (2013) iden-
tify Cxcl12 as the critical factor secreted
by the nerve that initiates the process
of cutaneous vascular remodeling. The
authors hypothesized the involvement of
chemokine signaling in this process and
screened candidate ligands and recep-
tors for expression in dorsal root ganglia
